Abstract Background: Anterior cruciate ligament (ACL) injuries are among the most common knee injuries. Patient outcomes, rate of subsequent operations, and rate of subsequent ACL reconstruction following primary ACL reconstruction need to be evaluated. Questions/Purposes: This study was designed to answer the following questions: (1) What is the return to surgery (OR) rate following primary ACL reconstruction and (2) what is the revision ACL reconstruction rate? Methods: Data was drawn from the Hospital for Special Surgery (HSS) ACL Registry. International Knee Documentation Committee (IKDC) Subjective Knee Evaluation, Lysholm-Tegner Scales, Marx Activity Scale, and SF12 were completed by patients at baseline, 1-, and 2-year follow-up. Clinical data and intraoperative data were registered by surgeons on an intraoperative form. Subsequent surgery rates were determined by evaluating the medical records for subsequent surgery, laterality, surgeon, procedure description, and type of anesthesia. Results: The majority of the ACL reconstructions performed were autograft (76.6%) with the most common graft being bonepatellar tendon-bone (BTB) autograft (47.2%), hamstring autograft (21.9%), and Achilles allograft (18.2%). Average IKDC score improved from 51.9 (SD 16.1) at baseline to 83.5 (SD 14.2) at 2-year follow-up. Females had a 2.5-point lower IKDC and 1.4-point Marx scores compared to males. Of the enrolled patients, 7.3% had revision ACL surgery with 70.4% being ipsilateral ACL surgery. Of the enrolled patients, 10.3% had subsequent knee surgery with 72.3% being ipsilateral knee surgery. Multivariable logistic regression analysis showed that patients less than 18 years of age at the time of their index surgery were over three times more likely to undergo a revision ACL reconstruction compared to older patients and were at four times higher risk than older patients for any subsequent knee surgery. Conclusion: Understanding ACL surgery, patient outcomes, and risk factors for revision ACL surgery and subsequent knee surgery after primary ACL reconstruction is essential. Patients less than 18 years of age have a higher risk of subsequent knee surgery and subsequent ACL surgery than older patients.
Introduction
Anterior cruciate ligament (ACL) injury is one of the most frequently treated knee conditions and is prevalent in sports that require pivoting and cutting motions [4] . A 2008 study estimated that 175,000 ACL reconstructions were performed per year in the USA, and the rate of ACL reconstruction increased 21.5% in New York State between 1997 and 2006 [18, 22] . This increase in ACL reconstruction may reflect a change in practice with a trend toward operative management of ACL injury [8] . With more patients undergoing surgery for ACL injury, it is increasingly important to evaluate the risk of subsequent surgery associated with ACL reconstruction. Previous studies have largely examined the success of technical aspects of the procedure, post-operative treatment, management of complications, and patient satisfaction; however, the frequency of subsequent surgery after primary ACL reconstruction over the short and long term has only recently been explored [5, 7, 11, 14, 19 ].
In the current literature, reoperation rates, both subsequent surgeries, and ACL revisions have varied. In a study of 980 patients undergoing ACL reconstruction, Hettrich et al. reported 6-year subsequent surgery rates of 18.9% in patients requiring a subsequent operation on the ipsilateral leg and 10.2% in patients requiring a subsequent procedure on the contralateral leg [11] . The rate of graft rupture was similar to the rate of contralateral ACL tear (7.7 vs. 6.4%). In another study of the Kaiser Permanente ACL Registry, Csintalan et al. reported a nonrevision 3.9% reoperation rate on the same knee within a mean follow-up of 1.9 ± 1.5 years [7] . In 70,547 ACL reconstructions in New York State, 6 .5% of patients in the study cohort returned for at least one subsequent surgery on either knee within a year of primary ACL reconstruction [18] .
Given the negative effects of subsequent surgery after ACL reconstruction on healthcare costs and patient satisfaction, the Hospital for Special Surgery (HSS) ACL Registry seeks to examine the outcomes of patients who have undergone ACL reconstruction at this institution. This is modeled after other ACL registries such as the Danish Knee Ligament Reconstruction Registry, which has tracked 85% of the ACL reconstructions done in that country since 2005 and reports a 4.1% ACL reconstruction revision within 5 years of primary reconstruction with the highest risk being within 2 years of primary reconstruction [17] .
The ACL Registry is essential for determining patient outcomes, patient satisfaction, and rates of subsequent operations and subsequent ACL reconstructions at our institution. This study aims to determine the revision rate for ACL reconstruction, the return to OR rate following ACL reconstruction, and the reasons for return to the OR at HSS. We hypothesize that our institution has a low return to OR rate following primary ACL reconstruction and a low revision ACL reconstruction rate.
Patients and Methods

Participants and Data Extraction
Data for this study was drawn from the Hospital for Special Surgery (HSS) ACL Registry, which enrolled 2109 patients between June 1, 2009, and September 6, 2013. There were a total of 2993 ACL reconstructions performed at the hospital during this time for an enrollment percentage of 70.4%.
Twenty-three surgeons were included in the registry data (Fig. 1) . The study team obtained Institutional Review Board approval to invite all patients scheduled for ACL Reconstruction with a HSS Sports Service surgeon to preoperatively enroll in the registry. We included all patients diagnosed with an ACL tear and were scheduled for ACL Reconstruction at HSS, with or without concomitant procedures. Written consent was obtained from all patients.
Each consenting patient completed a preoperative baseline questionnaire consisting of the following validated patient outcome surveys: International Knee Documentation Committee (IKDC) Subjective Knee Evaluation, LysholmTegner Scales, Marx Activity Scale, and SF12. Patients completed this same combination of outcome surveys at the baseline, 1-year, and 2-year follow-up time points. Clinical data was contributed by surgeons in an intra-operative form based upon patient examination under anesthesia. After determining which registry participants had a definite index surgery date, complete baseline surveys, and intra-operative data, the researchers requested medical record data in order to determine if the patients returned to HSS for surgery after their ACL reconstruction. If patients did return for subsequent surgery at HSS, the researchers extracted the following surgical information from the medical records: date of subsequent surgery, laterality, case number, surgeon, procedure description, and type of anesthesia. Data was not collected if the patient did not return to HSS for evaluation.
Two thousand one hundred nine patients were enrolled into the ACL Registry and achieved a 2-year follow-up (Table 1) . Average age of patients at the time of enrollment was 29.6 ± 12.0 years with the highest proportion of patients aged between 26 and 39 years (31.6%). The registry consisted primarily of males who made up 57.4% of the population. The mean body mass index (BMI) of the registry was 24.8 ± 3.9, and patients with normal BMI levels (BMI <25) made up 58% of the population. Over three quarters (75.4%) of the population were involved in a high-risk sport, as defined previously in the literature, at the time of their injury, and 81.7% of the injuries were non-contact injuries [3] . Recreational sports made up 71.2% of the level of activity in the registry population and professional sports, 1.5%.
The majority of the ACL reconstructions were performed using autograft at 76.6%. Overall, the most common graft used was bone-patellar tendon-bone (BTB) at 47.2%, followed by both hamstring tendons (semitendinosus and gracilis) at 21.9% and Achilles allograft at 18.2%. The most common autograft type was BTB at 61.5% followed by hamstring at 38.3%. The most common allograft type was Achilles at 80.9% (Table 2 ). Allograft patients were typically older than autograft patients (40.3 vs. 26.2 years) ( Table 2 ).
Statistics
Descriptive statistics were calculated using means and standard deviations for continuous variables and frequencies and percentages for discrete variables. Comparative differences between study groups were conducted using independent sample t tests for continuous variable and chi-square or Fisher's exact test for discrete variables. Variables that did not meet the assumption of normality according to the Shapiro-Wilk test were evaluated using their non-parametric equivalent. All variables analyzed in the univariate analyses were considered for analysis in the development of the multivariable regression models.
Stepwise, multivariable regression models were developed to identify potential risk factors for subsequent ACL surgery or any subsequent knee procedure while adjusting for any confounding from the other variables. Because of the exploratory nature of the analysis, variables that reach a p value of 0.10 or below were retained in the final model and those variables with p values of 0.05 or below were deemed statistically significant risk factors. All statistical analyses were performed using SPSS software version 22.0 (IBM Corp., Armonk, NY).
Results
The majority of patients presented with meniscal tears requiring treatment at the time of the primary ACL reconstruction (Table 3) 40.4% had no meniscal pathology. Lateral meniscal tear alone was most common at 24.2% with combined medial and lateral tears occurring 14.4% of the time. Medial meniscal tears were most commonly treated with meniscectomy (46.6%) or repair (46.4%). Lateral meniscal tears were most often treated with meniscectomy (59.7%) followed by repair (27.0%). Meniscus repair patients were typically younger than meniscectomy patients (26 vs. 38 for medical meniscus; 25 vs. 30 for lateral meniscus) ( Table 3) . Of the patients, 24.6% had a cartilage defect with the medial femoral condyle being the most common (48.4%) followed by the patella (37.9%) and the lateral tibial plateau (23.1%) ( Table 3) .
There were 650 and 648 patients who had baseline and 2-year follow-up on IKDC and Marx scores, respectively. This represented a response rate of 31% for both outcome measures. Average IKDC score improved from 51.9 ± 16.1 at baseline to 83.5 ± 14.2 at 2-year follow-up. The average Marx score, which rates the activity in the month prior to the injury, decreased from 11.5 (±4.9) to 8.9 (±5.0) (p < 0.001). Demographic and clinical variables, which analyzed regression models, included age, sex, BMI, high-or low-risk sport type, contact or non-contact mechanism of injury, allograft or autograft graft type, and presence of any meniscal or articular cartilage injury at the time of surgery. Results of the multivariable linear regression analysis yielded the following results at 2-year follow-up after adjusting for all other variables in the model (Table 4). Patients less than 18 years of age had about seven-and five-point improvement in their IKDC and Marx scores, respectively, compared to patients who were 40 years and older (p < 0.001). Similarly, patients aged 18 to 25 also had significant improvement in their IKDC and Marx scores compared to the older population (p = 0.016 and p < 0.001, respectively). Females had about a 2.5-point lower IKDC (p = 0.047) and 1.4-point Marx (p < 0.001) scores compared to males. Increased BMI levels were correlated with reduced IKDC scores at the time of follow-up (p = 0.003). Patients with a noncontact mechanism of injury had worse Marx scores at 2 years (p = 0.005), and patients with an allograft reconstruction were more likely to have worse Marx scores at 2 years (p = 0.050). High-risk sports, meniscal tears, and cartilage injury were not indicative of any of the followup outcomes.
Of the patients enrolled in the ACL Registry, 142 patients (7.3%) had revision ACL surgery and 202 patients (10.3%) had a subsequent knee procedure that included non-ACL procedures (Table 5) . Patients who had revision ACL or a subsequent knee procedure were younger than those who did not have a subsequent ACL (p < 0.001), particularly those patients who were 18 years or younger. Patients who underwent a revision ACL were primarily female (50.7%, p = 0.037); however, for those who underwent any subsequent knee procedure, there was no significant difference between males and females (p = 0.471). Additionally, BMI had no effect on reoperation. Baseline IKDC scores were not significantly different between revision ACL patients and non-revision ACL patients (p = 0.485) as well as between subsequent knee procedure patients and patients who did not undergo a subsequent procedure (p = 0.232). IKDC scores at 2-year follow-up showed that all subsequent knee procedure patients had lower scores compared to patients who did not have another procedure performed. Marx scores at baseline were higher for both revision ACL patients and those who underwent a repeat knee surgery (p < 0.001 for both). At 2-year follow-up, revision ACL patients saw no difference in Marx scores, while patients who had repeat knee surgery showed significantly higher scores (p = 0.020). The professional athlete population had comparable baseline and follow-up IKDC scores compared to the non-professional athlete population. Baseline Marx scores were higher in the professional athletes (14 vs. 12, p = 0.008), but by 2-year follow-up, there was no significant difference between groups (11 vs. 9, p = 0.386).
Meniscal pathology was not found to be associated with revision ACL procedures. However, meniscal pathology was associated with any second knee procedure, particularly patients with medical meniscal tears (p = 0.037). Lesions of the articular cartilage were found to be associated with revision ACL (p = 0.031). Cartilage lesions of the medial femoral condyle were associated with a second knee procedure (p = 0.015) ( Table 6) .
One hundred forty-two patients required revision ACL reconstruction (ACLR) and subsequent knee procedures (Table 7) . Timing to subsequent procedures is included in Table 7 . Of the 142 revision ACL patients, 100 (70.4%) were ipsilateral procedures. There were 21 patients who needed a third revision ACL procedure, which represented 1% of the entire cohort and 14.8% of the revision ACL population. Similarly, of the 202 patients who required a subsequent knee procedure, 72.3% were performed on the ipsilateral side. Of those patients, 27 required a third surgery which represented 1% of the entire population and 13.4% of the second knee procedure population. Of the patients who had a revision ACL reconstruction, 56.3% had an isolated ACL reoperation, while 14.1% had an ACL revision with concomitant meniscal procedure, and 26.6% had an operation that treated the ACL, meniscus, and articular cartilage. For any subsequent knee procedure, isolated meniscal procedures made up 25.7% of the procedures with procedures addressing the articular cartilage were only 3% of the cases. Of the patients who had an ipsilateral revision ACLR, 51.0% had an isolated ACL operation, while 40.0% had an operation that treated the ACL, cartilage, and meniscus. Of those who had a contralateral revision ACLR, 69.0% were an ACL reconstruction only. Subsequent surgery on the ipsilateral knee was most commonly an ACL procedure at 34.9% followed by ACL, meniscus, and cartilage procedures at 27.4%. Subsequent surgery on the contralateral knee was most commonly ACL surgery at 51.8% followed by meniscus only surgery at 23.2% (Table 8) . Multivariable logistic regression model for revision ACL reconstruction showed that patients who were less than 18 years of age at the time of their index surgery were over three times more likely to undergo a revision ACLR compared to older patients (Adjusted Odds Ratio (aOR) 3.77, p = 0.004). Patients with higher IKDC scores at 1 year were less likely to have revision ACLR after adjusting for all other variables in the model (aOR 0.97, p = 0.026). Similarly, for patients undergoing any subsequent knee procedure, patients less than 18 years of age were at four times higher risk than older patients in the cohort (aOR 4.54, p < 0.001). While patients with higher IKDC scores were less likely to undergo any subsequent knee procedure (aOR 0.96, p < 0.001), patients with higher Marx activity scores at 1 year were more likely to need a subsequent knee procedure (aOR 1.09, p = 0.039) ( Table 9 and Fig. 2 ).
Discussion
The first publication of the ACL Registry at the HSS was designed to provide an understanding of the population that is receiving a primary ACL reconstruction and the rates of subsequent surgery following primary ACL reconstruction. The demographics of the HSS registry are similar to those previously published with a slight predominance of male patients of 57.4% and an average age of just under 30 years [7, 11] . Most of the patients in this registry were involved in recreational athletics at the time of injury with 1.5% of professional athletes. The outcome scores in professional athletes and non-professional athletes were similar by 2 years.
There are several limitations to this study. This is the first ACL Registry at our hospital, and there are instances of incomplete surgical data and incomplete follow-up. We observed a 31% follow-up rate on outcome scores, which may limit the generalizability of our results; however, this followup rate is similar to what is reported in other registries [6, 9, 15, 16] . This study looked at the 2-year follow-up of primary ACL reconstructions, but longer-term data may ultimately be essential to capture the true reoperation rate following primary ACL reconstruction. This study looked at the reoperation rate at our hospital only. Some patients may seek subsequent knee surgery or subsequent ACL reconstruction at a different hospital or institution. Additionally, we were unable to determine the skeletal maturity of younger patients, which may impact outcome results. Lastly, this study looks at reoperation rates and not reinjury rates, so it may underestimate the overall rates of subsequent ACL or knee injuries.
The majority of patients undergoing primary ACL reconstruction in our registry had an autograft at 76.6%, which is consistent with the data provided by the MOON Group, the Swedish ACL Register, and the Norwegian Registry, but inconsistent with the Kaiser Permanente Registry which used 41.8% allografts [7, 11, 15, 20] . The presence and treatment of meniscal and chondral pathology in our registry data are similar to that previously published [1, 2, 7, 11, 15, 20] .
This registry found a 7.3% rate of subsequent ACL reconstruction and 10.3% rate of subsequent operation following a primary ACL reconstruction for patients in this registry. Specifically, there was an overall 7.3% rate of subsequent ACL reconstruction with 5.1% ipsilateral ACL reconstruction (revision) and a 2.2% contralateral ACL reconstruction. The literature varies on the rate of revision ACL and contralateral ACL rupture. Wright et al. reported a 5.8% rate of ACL graft ruptures and an 11.8% contralateral ACL rupture rate in a recent systematic review [23] . Hettrich and the MOON Group reported a 7.7% rate of graft ruptures and 6.4% rate of contralateral ACL ruptures in their cohort at 6-year follow-up [11] . In a more recent report of the MOON Group's retear rate at 2 years, ipsilateral graft retears occurred in 4.4% of patients and contralateral ACL tears occurred in 3.5% of patients [12] . Shelbourne reported a rate of 5.3% for contralateral ACL injuries and a 4.3% rate of graft ruptures [21] . The Swedish ACL Registry reported a 2-year ACL revision incidence of 1.60 and a 3% contralateral ACL reconstruction [1, 2] . All of these rates are very consistent with our findings of a relatively similar rate of subsequent ACL surgery. Surgeon volume was divided into high volume (52+) versus not high volume (<52). Generally, highvolume surgeons had a lower proportion of a subsequent revision ACL or knee surgery, but only the proportion of revision ACL was statistically significant (p = 0.011). With a lower number of a third procedure, it is difficult to make a definitive conclusion on surgeon volume on this outcome. What we find so far is that there is no consistent association of higher surgeon volume and subsequent revision ACL/ subsequent knee surgery. There does not appear to be any difference in case mix as both high-and non-high-volume surgeons' case mix was 19% <18 years of age. In our registry, females and younger patients were at higher risk of subsequent ACL reconstruction surgery following a primary ACL reconstruction. Shelbourne reported a higher incidence of reoperations in female patients in the contralateral knee only [21] . Lyman reported on the ambulatory surgery data from New York State and noted that predictors of subsequent knee surgery following primary ACL reconstruction included being female, having a concomitant knee surgery, and being operated on by a lowervolume surgeon [18] . Similar to our findings, increasing age was a negative predictor for both ipsilateral retears and contralateral ACL tears in the MOON Group; however, in this same analysis, females were not noted to have a higher risk [12] . In the Swedish ACL Registry, there was also no noted difference between male and female ACL revisions [1] . The estimated risk of revision ACL or subsequent knee procedure was higher in females in the univariate analysis (OR 1.43 and 1.10, respectively). However, when put into the regression models, there was no difference in risk for subsequent knee procedures between males and females. The effect of age (particularly with patients <18 years of age) had a much larger effects as shown. It may be difficult to ascertain if there were any surgical factors like graft type that made our population less risk prone to other registries. What may be the driving force for the increased risk is that younger people are more likely to have increased athletic exposures after their index ACLR compared to the comparative 40+ older group. This is partially supported by the effect of 1-year Marx scores in the model that show that increased score (frequency of athletic movements that are measured in the Marx survey) is a risk factor for a subsequent knee procedure (aOR 1.09, p = 0.039).
As Hettrich and the MOON Group were the first to point out, subsequent ACL surgeries are only a percentage of the subsequent knee surgeries that ACL reconstruction patients undergo. In our registry, there was a 10.3% rate of subsequent surgery. The MOON Group had a subsequent surgery rate of 18.9% at 6 years [11] .
Subsequent knee surgery rates were higher in patients less than 18 years of age, patients who had a meniscal repair, and patients who had a chondral lesion of the medial femoral condyle. Shelbourne reported that the rates of subsequent surgery were highest for patients less than 18 years of age and least for patients greater than 25 years of age [21] . Our regression analysis found that patients less than 18 years of age were more likely to have a subsequent knee operation and a subsequent ACL reconstruction and patients over age 40 were less likely to have subsequent ACL and subsequent knee operations. The increased risk for reoperation seen in younger patients may be due to higher levels of activity in this population and increased demands placed on the graft as well as a higher rate of recurrent instability [13] . Our analysis showed that there was no effect of graft type on the risk for subsequent operations. The fact that graft did not have any effect on outcomes is in contrast to that of the MOON Group who found that the use of an allograft was a major predictor for a subsequent surgery and ipsilateral retear and that of the Norwegian Registry and Scandinavian Registry that found lower risk of revision ACL reconstruction with patella tendon autografts versus hamstring autografts [10] [11] [12] 20] . There was a skewed distribution of graft type used for the <18 age group. Of all allografts used, only 1% was used in patients <18 years of age, compared to 26% of patients in the autograft group that were in that same age group. Overall, this is a first step to evaluate the demographics and short-term outcomes in patients undergoing primary ACL reconstruction at our institution. There is a low reoperation rate and a low subsequent ACL reconstruction rate at our institution.
